ABSTRACT -The species known as physic nut (Jatropha curcas L.) has become important as one of main sources of feedstock for biodiesel production. The aims of this study were characterizing two different isolates of Colletotrichum spp. obtained from seeds of this species, through morphological, cultural, and molecular analyses; as well as assessing pathogenicity of both isolates on leaves and fruit of this plant species. For morphological analysis, length and width of 30 spores of each isolate, produced on medium Malt Extract-Agar (MEA), at 25 ± 1 ºC, and under constant light, were measured. Cultural analysis was performed by the fungus growth on PDA medium, through daily measurements of the mycelial growth, and the color of colonies after seven days incubation. DNA of the isolates was extracted and specific oligonucleotides primers (region ITS4) were identified by PCR and used to identify C. capsici (CcInt) and C. gloeosporioides (CgInt). Pathogenicity of isolates was assessed on plants aged 10, 20, 30, 40, 50, and 60 days after sowing and fruits at six maturation stages. Based on these analyses, isolates were identified as C. gloeosporioides and C. capsici. Young plants and the older fruits were more susceptible to infection by the two fungus species.
Introduction
The species Jatropha curcas L., commonly known as physic nut, is a shrub native to tropical America, belonging to the family Euphorbiaceae. Currently, the seeds of this plant, which may contain until 37.5% of oil, have gained prominence as a major source of feedstock for production of Biodiesel. Besides, the plant can also be used for: erosion control; recovery of degraded areas, medicinal uses, honey production, formation of windbreaks, and manufacture of cosmetics, among other uses (Openshaw, 2000; Kumar and Sharma, 2008) .
Despite being considered a species resistant to diseases and pests, various diseases caused by fungi have already been detected in plants of this crop, among them rusts, powdery mildew, root rot, anthracnose, and ash dieback disease, besides viruses (Raj et al., 2008; Franco and Gabriel, 2008; Pereira et al., 2009) .
However, among the fungi that can cause damage to that crop, the genus Colletotrichum and its teleomorph Glomerella contains species considered important pathogens of plants of various cereals, horticultural plants, ornamentals, and fruit trees in tropical, subtropical and temperate regions worldwide (Bailey and Jegger, 1992) . Although information on diseases caused by Colletotrichum spp. in physic nut are scarce, Franco and Gabriel (2008) have reported that C. gloeosporioides and C. capsici are causal agents of disease on leaves and fruits of this plant species. For a long time, the species C. gloeosporioides was characterized based on morphological characteristics (Sutton, 1992) and also by analysis of ITS region of ribosomal DNA (Mills et al., 1992) . Nevertheless, more recent studies of molecular biology, based on other genomic regions, have shown that C. gloeosporioides, in fact is a complex of species Hyde et al., 2009; Damm et al., 2010) .
There is not much information about the pathogens that can be transmitted by seeds of physic nut. Considering that this is one of the main ways of disseminating pathogens, which may cause serious damage to the crop, it is important to investigate the etiology and pathogenicity of microorganisms associated to seeds of this species, so that more efficient measures can be taken to their control. Based on the foregoing, the aims of this study were characterizing and identifying two different isolates of Colletotrichum spp. detected in seeds of physic nut, by means of morphological, cultural and molecular characteristics; as well as assessing pathogenicity of these two isolates on leaves and fruits of this oilseed.
Material and Methods

Characterization of the Colletotrichum spp. isolates
The experiments were carried out at the Laboratory of Plant Pathology of the Federal University of Tocantins, state of Tocantins (UFT-TO), Northern Brazil, and Laboratory of Pathogenic Fungi of the University of São Paulo -College of Agriculture "Luiz de Queiroz" (USP-ESALQ) State of São Paulo, Southeast Brazil.
The isolates of Colletotrichum spp. analyzed in this study were obtained in tests conducted by the method of filter paper (blotter-test), while conducting a survey of the main pathogenic fungi associated to physic nut seeds (Sá et al., 2011) . Among the fungi present in the seeds analyzed were detected two isolates of Colletotrichum spp. with distinct morphologies. These isolates were designated P-01 and P-02. The first isolate has presented conidia falcate with tapered apices, and the second isolate has presented conidia straight, oblongs and with rounded apices. For identification, both isolates were analyzed by the morphological characteristics of the conidia and by cultural analyses, as well as molecular analyses using conventional PCR, as following described:
The cultural analysis was performed by using discs of mycelium (6 mm diameter), cut with the aid of a sterile cork borer, from the extremities of the growth zone of the fungus mycelium grown upon PDA culture medium (Difco ® ; 39 g .L -1 water) during seven days, at 25±1 ºC, with photoperiod of 12/12 h (L/D). These discs were then immediately transferred to the center of Petri dishes containing identical PDA culture medium and incubated also at a temperature of 25±1 ºC, and photoperiod of 12/12 h (L/D) under fluorescent light. Fungal growth was assessed during seven days, through daily assessments of the perpendicular diameters of the colonies; what was performed with aid of a ruler graduated in millimeters. On the seventh day of incubation, the color of each colony was also evaluated. The experiment was conducted in a completely randomized experimental design, with twelve repetitions for each isolate of the fungus. Each replication consisted of one single Petri dish; this way, totaling 12 plates for each isolate assessed.
On analysis for detecting possible morphological differences between the two isolates, 30 conidia of each isolate were collected in colonies of the fungus, grown on culture media Malt Extract-Agar (MEA) (Malt extract 20 g + Peptone 1 g + Dextrose 20 g + Agar 15 g + Distilled water 1 L= total volume), at 25 ± 1 ºC, under constant light. Then, these conidia were examined under a microscope (Brand Zeiss, model Axioskop 2) equipped with image capture system (Axiocam) and an image analysis software (Axiovision). During this procedure the predominant form of the conidia was characterized; and concomitantly was measured the length and diameter of conidia produced.
For molecular typing, DNA extraction was performed according to the method described by Dellaporta et al. (1983) . To this, it was performed the detection of a fragment of 460 base pairs corresponding to the genomic fragment within the region ITS4 with a combination of primers: CgInt (5'GGCCTCCCGCCTCCGGGCGG3'), specific for C. gloeosporioides; CaInt2 (5'GGGGAAGCCTCTCGCGG3'), specific for C. acutatum, and CcInt (5'TCTCCCCGTCCGCGGGTGG3'), specific for C. capsici, with the primer ITS4 (5'TCCTCCGCTTATTGATATGC3').
Each After amplification, the PCR products were applied to 1% agarose gel and stained with SYBR-SAFE ® . The electrophoretic run was performed at constant current of 5 volts.cm -1 , for 1 h. The gels were visualized on a UV transilluminator and photographed using the Eagle Eye apparatus (Stratagene co., La Jolla, CA, USA).
Pathogenicity tests
The pathogenicity assessment of the isolates P-01 and P-02 was performed on physic nut leaves, as well as on fruits of this species at six distinct development stages. For obtaining physic nut plants aged 10, 20, 30, 40, 50 , and 60 days after seeding (DAS), at each interval of 10 days, seeds were placed to germinate in pots (three plants per pot) with capacity of 4 L each, containing sterilized substrate type Plantmax®, with addition of 6 g urea. For superficial disinfection, the seeds were immersed in a 70% alcohol solution, for 30 sec. and then in a sodium hypochlorite solution 2%, for 2 min., and immediately after were washed in sterile distilled water for 1 min. For inoculating both the isolates, a suspension of conidia was prepared at a concentration of 1 x 10 6 conidia.mL -1 , which was adjusted with aid of a Neubauer Counting chamber. Subsequently, the surface adaxial (upper) and abaxial (lower) of all leaves in each plant were inoculated with this suspension with aid a manually operated sprayer, until reaching maximum retention point of the suspension on the leaves. The inoculated plants were then placed in a moist chamber, at a temperature of 25 ºC and continuous dark, for a period of 72 h. After this incubation period, the plants were kept in a greenhouse until the assessment moment, which was performed at 7 days after inoculating, as much for incidence as for disease severity.
For obtaining data relating to disease incidence it was considered the percentage of leaves presenting disease symptom as compared to total number of leaves of each plant. Disease severity was assessed using a grading scale proposed by Santos et al. (2009) where: 0 (healthy plant), 1 (less than 1% diseased leaf area), 3 (1% to 5% diseased leaf area), 5 (6% to 25% diseased leaf area), 7 (26% to 50% diseased leaf area), and 9 (more than 50% diseased leaf area).
A completely randomized experimental design was used with three replicates for each treatment, which were arranged in a 6 x 2 factorial [6 stages of plant development (10, 20, 30, 40, 50 and 60 DAS) x 2 isolates of Colletotrichum spp. (P-01 and P-02)]. Each replication consisted of three plants grown in the same pot. As control, three plants were sprayed only with sterile water to each developmental stage. The experiment was conducted for two times.
The pathogenicity test was performed on fruits at five different maturation stages: 1 -Green fruits, with 1 cm in diameter; 2 -Green fruits and with 1.5 cm in diameter; 3 -Green fruits and with 2 cm in diameter; 4 -fruits green-yellowish and with 2.5 cm in diameter; and 5 -yellow fruits and with a diameter ≥ 2.5 cm.
Before inoculation, fruits were surface-disinfected with a solution of sodium hypochlorite 1%, rinsed with sterile distilled water and placed within acrylic germination boxes (Gerbox ® ), upon two sheets of sterile filter paper moistened with sterile distilled water containing 100 ppm streptomycin sulfate. Subsequently, four superficial lesions were made in each fruit with a sterile needle and on each of these lesions was deposited a mycelium disc of the fungus with 5 mm diameter. The Gerbox ® containing the inoculated fruits was then kept in an incubation chamber, at 25 °C and photoperiod of 12/12 h, for seven days.
Disease severity was evaluated by the presence or absence of typical symptoms on the inoculated fruits, as well as by size of lesion caused by the fungus, which was obtained by using a ruler graduated (cm) to measure the diameter of the lesions formed on fruit surface. From the total diameter of lesion it was excluded the disc diameter of mycelium used for inoculation. For confirmation of causal agent, the fungus was recovered from these lesions, and then grown singly in pure culture until new sporulation on PDA culture medium. After sporulation, microscopy slides were prepared with mycelium and conidia of the fungus for visualization and identification of the causal agent under optical microscope, thus fulfilling Koch's postulates.
For this experiment, it was used a completely randomized experimental design with 10 replications, with treatments arranged in a factorial 5 x 2 (5 stages of fruit maturation x 2 isolates of the fungus Colletotrichum spp.). Each replication included two fruits for each maturation stage. The control included two wounded fruits, for each maturation stage, but without inoculation. The experiment was performed twice with an interval of 30 days.
Results presented for both pathogenicity tests refer to the mean of results obtained for the two experiments, once there was homogeneity of variances by Bartlett's test (Gomez and Gomez, 1984) . Data were subjected to regression analysis and adjustments were performed to values obtained from the coefficients of determination using the statistical program SISVAR (Ferreira, 2003) .
Results and Discussion
Characterization of the fungus Colletotrichum spp. isolates
The isolate P-01 has formed colonies with the coloration of mycelium ranging from white to gray, and with sporulation of orange coloration, with presence of setae and with mean speed of growth of 6.6 mm.day -1 and conidia falcate with tapered apices; and dimension means of 23.6 µm in length and 2.3 µm in width ( Figure 1E ).
The isolated P-02 has also formed colonies with color of mycelium ranging from white to light-gray with orange sporulation and presence of setae; however, with a growth rate of 11.6 mm.day -1 and conidia oblong with rounded apices, and length and width of 14.5 and 4.4 µm, respectively ( Figure 1F ).
Based on descriptions reported by Sutton (1992) for species of Colletotrichum spp., the isolate P-01 belongs to species C. capsici (Syd. & P. Syd.) E. J. Butler & Bisbye; and the isolate P-02 may be placed among species of the complex C. gloeosporioides (Penz.) Sacc.
Regarding to mycelial growth, the isolated P-02 (C. gloeosporioides) has presented a mycelium mean growth (11.6 mm.day -1 ) higher than that observed for the isolated P-01 (C. capsici), which was 6.6 mm.day -1 . Therefore, this parameter was very helpful in differentiating between the two species.
Results achieved by the PCR analyses have confirmed the distinction obtained by the morph-cultural characteristics (Figure 2 ). The isolate P-01 and the standard to C. capsici (Col-44) have had DNA fragments (460 bp) amplified only when were used the CcInt/ITS4 primers, which identify the species C. capsici ( Figure 2A) ; while the isolated P-02 as well as the standard to C. gloeosporioides (Col-48) have had DNA fragments (450 bp) amplified only by the primers CgInt/ITS4, which are specific for the complex C. gloeosporioides ( Figure 2B ).
However, there are still needed further and more detailed studies involving more precise molecular methods, such as phylogenetic analysis based on sequencing of specific regions of genome , which may identify definitively the species into which the isolate P-02 can be placed in the complex of species of the C. gloeosporioides group. It was also observed that only the youngest leaves were susceptible to both isolates. Plants inoculated with the isolated P-01 (C. capsici) have presented 99.6% of disease incidence on the leaves inoculated at 10 DAS, while plants inoculated with isolate P-02 (C. gloeosporioides) have shown 100% of leaves with the symptoms of disease ( Figure 3A) . The fact that there was superiority of older leaves on the more developed plants, at inoculation moment, explains the cause of the lower indixes of disease incidence on the plants with 60 DAS (Figure 3A) . The same linear negative behavior was observed for the disease severity ( Figure 3B) ; thus confirming the lowering in susceptibility to the pathogen when plants become older. Within this context, Smith et al. (1990) observed that for strawberry (Fragaria x ananassa Duch.) crop seedlings aged two to four weeks were more susceptible to fungus Colletotrichum fragariae after transplantation than seedlings aged between 14 to 18 weeks.
In relation to the lower susceptibility of older tissues, Hong et al. (2001) in studies on resistance of cowpea (Vigna unguiculata L.) to the fungus Colletotrichum coccodes have observed that plants of this species, when inoculated at the stage of two leaves, have had a rapid and massive colonization by the pathogen in all tissues of plant, including the vascular tissue, with collapse of cytoplasm, chloroplasts distortion, and rupture of cell walls of infected host; which resulted in progressive lesions of type anasarca (translucent). In addition to these results, the same authors have also found other different responses to the resistance to colonization by the fungus C. coccodes in the older plants, including the presence of amorphous material in xylem vessels, fibrillar material in the intercellular space, and protein aggregates in the vacuole; which may imply in the expression of proteins related to plant defense, such as chitinase and β-1,3-glucanase (Mauch and Staehelin, 1989) . 
Pathogenicity testes
The two isolates have caused similar symptoms when inoculated on leaves of physic nut. The first symptoms were observed three days after inoculation (DAI) in the form of small and translucent lesions (anasarca), randomly distributed throughout the leaf blade, and darkening of veins of the plant leaves ( Figure 1A) . Later, the lesions became larger, with dark-brown coloration and irregular shape ( Figure 1B) , and around five DAI, it has occurred defoliation. ) at different seedling growth stages. DAS = days after sowing; grading scale: 0 (healthy plant), 1 (less than 1% diseased leaf area), 3 (1% to 5% diseased leaf area), 5 (6% to 25% diseased leaf area), 7 (26% to 50% diseased leaf area), and 9 (more than 50% diseased leaf area). However, greater susceptibility of younger tissue has also already been observed in the pathosystems tobacco/blue mold (Nicotiana tabacum L. x Peronospora tabacina D.B. Adam) (Reuveni et al., 1986) , lettuce/downy mildew (Lactuca sativa L. x Bremia lactucae Regel) (Dickinson and Crute, 1974) , and cowpea/ anthracnose (Vigna unguiculata (L.) Walp. x Colletotrichum capsici (Syd.) E.J. Butler & Bisby) (Pring et al., 1995) .
Isolates P-01 and P-02 were also pathogenic to the fruits of physic nut ( Figure 1C and 1D) ; but with no visible difference between the symptoms caused by both isolates. The lesions caused by both isolates have presented a depressed aspect, and mummifi cation of fruits has occurred with the evolution of symptoms (especially in the older fruits). At this stage it was possible detecting more clearly the signs of the disease and the intense sporulation of the pathogen upon the lesions, which have shown an orange coloration ( Figure 1D ).
Regarding susceptibility of the fruits inoculated in different maturation stages, it can be observed that there was a positive correlation between factors age x susceptibility of the fruit, i.e., the higher the age of fruit, the greater was the diameter of lesions caused by the two isolates of the fungus on these fruits (Figure 4 ). (Moral et al., 2008) ; and banana (Musa spp.) x C. musae (Chillet et al., 2007) .
C. acutatum
Among the mechanisms used to explain the higher resistance of immature fruit to fungi of genus Colletotrichum spp. are included: 1 -lack of the nutrients necessary to the pathogen, but which become available with maturation; 2 -the presence of compounds antifungal or toxic to the pathogen, whose concentration decreases with fruit ripening; and 3 -anatomical changes resulting from maturation, as reduction on cuticle thickness (Prusky and Keen, 1993; Prusky, 1996; Moral et al., 2008) . For example, in the interaction between C. gloeosporioides x avocado in the development of anthracnose disease, high concentrations of dienes which are antifungal preformed compounds and that are present in immature avocado fruit pericarp promote the quiescence of infection by the fungus, after formation of the appressoria, causing the infection process continues only after the ripening of fruit; what explains the higher resistance of the unripe avocado fruits to anthracnose (Binyamini and SchiffmannNadel, 1972; Pegg et al., 2002) .
Results obtained within this study may become useful in defi ning the best period to carry out chemical control, in case this strategy is adopted in the future by producers. These results show that the chemical control should be applied in the period of intense vegetative growth, as well as in the beginning of maturation of fruits. Nevertheless, the occurrence of quiescent infections in unripe physic nut fruits should be better investigated, since this phenomenon may occur in the most pathosystems involving tropical plants and various species within the genus Colletotrichum spp.; what turns the anthracnose disease one the most important postharvest diseases (Lopez, 2001) .
In a study involving the fungi C. capsici and C. gloeosporioides, Sá et al. (2011) have studied as much the transmissibility of fungus from fruit to seeds as from seeds to seedlings of physic nut, and have found that 100% transmission occurs from fruit to seeds, and that transmissibility of fungus from seed to seedlings is nil. According to these same authors this defi ciency on transmission is probably due to the fast release of the seed coat during germination process, as well as due to the fact that these fungi were detected only externally on the physic nut seeds. Therefore, the tegument appears to function as a natural barrier preventing their infection by these pathogenic agents. Although it has not been observed any transmission of the fungus from seed to seedlings, the presence of structures of propagation of the fungus (hyphae and conidia) associated with the teguments released during the germination process can be an important source of initial inoculum and favor the occurrence of infections in the tender by Colletotrichum capsici and Colletotrichum gloeosporioides as a function of maturation stages of the physic nut fruits. Maturation stages: 1 -green fruit, with 1 cm in diameter; 2 -green fruit, with 1.5 cm in diameter; 3 -green fruit, with 2 cm in diameter; 4 -fruit green-yellowy and with 2.5 cm diameter; and 5 -yellow fruits and with diameter ≥ 2.5 cm.
The higher susceptibility of fruits at more advanced physiological development stages has already been demonstrated in various hosts x pathogens interactions such as: strawberry (Fragaria x ananassa Duch.). x Colletotrichum acutatum and C. fragariae (Tanaka et al., 1994) ; avocado (Persea americana Mill.) x C. gloeosporioides (Prusky and Keen, 1993; Prusky, 1996; ) tissues of the physic nut seedlings. This manner, removal of the seed coats released onto the substrate may be an important measure of the disease control on young plants. Thus, for a better understanding of interactions that occur between different isolates of Colletotrichum spp. and physic nut plants (leaves, fruits and seeds), further studies are needed in order to obtain a better knowledge of the incidence, distribution, and pathogenicity of the fungus species associated to this oilseed.
Conclusions
By morphological and molecular characteristics, the two isolates of Colletotrichum spp. belong to the species Colletotrichum capsici and Colletotrichum gloeosporioides;
Leaves and fruits of physic nut are susceptible to anthracnose caused by the species Colletotrichum capsici and Colletotrichum gloeosporioides;
Younger plants and older fruits of physic nut are more susceptible to anthracnose caused by Colletotrichum capsici and Colletotrichum gloeosporioides;
The species Colletotrichum capsici and Colletotrichum gloeosporioides cause similar symptoms on leaves and fruit of physic nut.
